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ABSTRACT
 
Since the Federal Communications Commission’s endorsement of the frequency 
band of 3.1 – 10.6 GHz in 2002 to be unlicensed for wireless communication 
applications, various ultra-wideband bandpass filters (UWB-BPFs) have been proposed 
and designed. Different UWB-BPF configurations were presented in the past years to 
meet the very strict UWB-BPF specifications in terms of ultra-band requirement, low 
return loss, high rejection in notched bands. However, most of the previous works are 
limited by large dimension size, complex geometry, and high production cost. 
The major objective of this work is to design a highly compact, simple geometry, 
and low-cost UWB-BPF, which passes signals in nearly all frequencies in the passband 
with minimum loss but rejects unwanted WLAN interference signals in the frequency 
neighborhood of 5.8 GHz. First, an ellipse-shaped UWB-BPF was designed by using a 
simplified composite right/left handed (SCRLH) resonator to achieve a 3dB bandwidth 
ranging from 2.94 GHz to 12.83 GHz. Then, two open, curved stepped-impedance stubs 
were integrated into the UWB-BPF to achieve a notched band in the range of 5.8 GHz, 
such that the frequency response in the frequency band was sharply notched up to about 
35dB attenuation. The finalized UWB-BPF, is simply built up with a commonly used 
PCB with FR4 substrate and has a dimension of 14mm × 6.2mm. The extracted current 
density images in the passbands, stop bands, and notch band clearly demonstrate the 
mechanism of the signal response characteristics of the proposed UWB-BPF.
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CHAPTER 1 INTRODUCTION 
 
1.1 Introduction 
The unlicensed frequency band application in the range of 3.1 through 10.6 GHz 
approved by the U.S Federal Communications Commission (FCC) in early 2002 has 
strongly stimulated great growth, expansion and exploration of ultra-wideband (UWB) 
technology for different commercial and personal wireless communication applications 
[1]. Correspondingly, the ultra-wideband bandpass filters (UWB-BPFs) has been highly 
demanded in the development of various modern UWB communication systems, 
especially for those requiring the characteristics of sharp selectivity and capabilities to 
avoid interference from existing radio signals.  
There has been increasing research since then in the area of UWB-BPF design 
with or without notched bands for various UWB applications. In 2007, Shaman and Hong 
firstly designed a UWB-BPF with embedded band notch structures as published in [1]. 
Wong and Zhu designed a compact UWB-BPF implemented with a notched band in the 
following year [2]. The stepped-impedance stubs in a ring resonator were designed by 
Kim and Chang in [3] to achieve the switchable bandwidth for a bandpass filter. In 2009, 
Hao and Hong designed a UWB-BPF with short-circuited stub resonators in a 
nonuniform multilayer periodical structure [4].  
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To abandon unwanted interference signals from WLAN applications, a multiple 
band UWB-BPF is preferred based on practical circumstances [5-21]. There are many 
published designs that can achieve a UWB passband with single or multiple notched 
bands. For example, in [9], a short-circuited L-shaped resonator was added to a UWB-
BPF for offering a notched band by using a slow-wave half-mode substrate-integrated 
waveguide (SW-HMSIW). However, it required a complicated geometry configuration 
and had low rejection in its notched band. In [8], a pair of cross-shaped microstrip line 
segments is used to achieve a UWB-BPF, but the dimension size of the designed 
structure can be certainly improved as discussed in this work.
 
1.2 Objectives of the Research 
This research will focus on design, improvement, and development of a UWB-
BPF for potential UWB system applications based on previously published works [5-21]. 
Thus, the objective of this work is to propose a novel UWB-BPF characterized as 
follows: 
• Maximize the UWB-BPF pass bandwidth to meet the system requirements in 
sharp selectivity and high capability; 
• Highly reject unwanted WLAN interference signals in the frequency range of 5.8 
GHz and ensure high quality of received signals; 
• Minimize the UWB-BPF dimensions and keep it low profile such that it can be 
potentially applied in most UWB systems; 
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• Simplify the UWB-BPF geometry while remaining high performance for both its 
return loss and insertion loss so that the design and fabrication cycle can be much 
shortened; 
• Reduce the cost of UWB-BPF production by using commonly used PCBs. 
In this work, a new ellipse-shaped UWB-BPF will be designed with a coupled 
simplified composite right/left handed (SCRLH) resonator and two open stepped-
impedance (SI) stubs to meet all the requirements as described above. 
 
1.3 Content of the Thesis 
 There will be six chapters in this thesis. The first chapter is Introduction to this 
thesis, which states and summarizes the previously published works, project objectives, 
and overview of the thesis. The second chapter of this thesis mainly discusses the 
background and concepts used in the UWB-BPF analysis and design. Chapter 3 presents 
a detail design of simplified composite right/left handed (SCRLH) UWB-BPF, displays 
characteristics of S-parameters for the proposed UWB-BPF, and discusses possible 
potential issues for the current version of this design. Consequently, chapter 4 focuses on 
development and enhancement of the UWB-BPF developed in chapter 3 by inserting a 
notched band to the designed passband. In chapter 5, the designed system is modeled and 
validated in High Frequency Electromagnetic Field Simulation (HFSS). The proposed 
UWB-BPF was compared to those recently published and comparison and analysis were 
presented at the end of this chapter. Finally, chapter 6, the last chapter of this thesis, 
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concludes the research and suggests some future work for the extended UWB-BPF 
analysis and design.  
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CHAPTER 2 BACKGROUND AND CONCEPTS USED IN UWB-BPF 
DESIGN 
 
This chapter will mainly focus on introduction and discussion of the technical 
background and basic concepts related to UWB-BPF analysis and design. Especially, the 
characteristics and terminologies of BPF, UWB-BPF, SCRLH resonator, band-stop filter 
and notch filter will be briefly discussed in this chapter. 
 
2.1 Bandpass Filter (BPF) 
A bandpass filter (BPF) passes signals within a certain range of frequencies 
without much distorting input signals or introducing extra noise. This range of 
frequencies is commonly known as the filter bandwidth [22].  
Bandwidth represents the frequency range between the lower cut-off frequency 
(fL) and the higher cut-off frequency (fH) points as defined in (2.1) or Figure 2.1:  
 
𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ =  𝑓𝐻 − 𝑓𝐿      (2.1) 
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Figure 2.1 Typical frequency response for a bandpass filter [22]. 
When the output gain reaches its maximum value, the frequency on that point is known 
as the resonant frequency (fr). It is simply the geometric average that can be evaluated as 
follows [22]: 
𝑓𝑟 = √𝑓𝐿×𝑓𝐻     (2.2) 
where fr is the resonant frequency, fL and fH are, respectively, the lower -3dB cut-off 
frequency and upper -3dB cut-off frequency [22]. 
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2.2 Band-Stop Filter and Notch Filter 
Band-stop filter passes all frequencies except for those within a specific stop 
band, and it is expected that signals are highly attenuated in the stop band. Similar to a 
band pass filter, the bandwidth and two cut-off frequencies for a stop band are defined as 
the stop band bounded by the two edge frequency -3dB points or cut-off frequencies as 
shown in Figure 2.2.  
 
Figure 2.2 Frequency response for a band-stop filter [23]. 
  
Notch filter is a band-stop filter with a narrow stopband and a high Q factor. It 
passes most frequencies but attenuates a specifically small range of frequencies to very 
low levels and its frequency response usually by design shows a deep notch with high 
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selectivity. For example, a commonly used notch filter is the twin-T notch filter network 
shown in Figure 2.3 [23].  
 
Figure 2.3 Schematic circuit of a basic twin-T notch filter [23]. 
The notch frequency fN at which the basic twin-T notch filter achieves maximum 
attenuation is calculated by the formula below [23]: 
𝑓𝑁 =
1
4𝜋𝑅𝐶
      (2.3) 
where R and C are defined in Figure 2.3.  
There are many applications of band-stop or notch filters in communication 
circuits, because they can be used to block a band of unwanted frequency signals from a 
system while allowing passband frequency signals to enter with minimum loss. 
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2.3 Ultra-wideband Bandpass Filter (UWB-BPF) 
Ultra-wideband (UWB) technology is specially referred as a “radio technology 
that uses a very low energy level for short-range, high-bandwidth communications over a 
large portion of the radio spectrum”, which was pioneered by Robert A. Schorton in his 
work published in 2004 [28]. The bandwidth of UWB emitted signal needs to be at least 
500 MHz [28]. 
In 2002, FCC authorized the unlicensed use of UWB in the frequency range from 
3.1 GHz to 10.6 GHz for commercial purposes and FCC limited the power spectral 
density emission for UWB to -41.3 dBm/MHz. In 2007, UK regulator Office of 
Communications (OFCOM) announced a similar policy. There has been a great concern 
over interference between various narrowband signals and UWB signals that share the 
same frequency spectrum, such as WLAN in the frequency band centered at 5.8 GHz.  
 
2.4 Simplified Composite Right/Left Handed (SCRLH) Resonator 
In early 2004, Sanada designed a general composite right/left-handed (CRLH) 
transmission line resonator structure [24], whose schematic circuit is shown in Figure 2.4. 
The difference between right handed and left handed transmission lines is the inductors 
and capacitors are connected in an opposite position. Figure 2.4 shows a combined LH 
and RH unit [26]. 
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Figure 2.4 Combined LH and RH unit [26]. 
Later-in 2006, Lin introduced a simplified CRLH (SCRLH) transmission line 
with no equilibrium condition [11]. Both the structure size and complexity of the CRLH 
are reduced by removing the series capacitor or shunt inductor.  
 
Figure 2.5 Schematic circuit of a CRLH unit [26]. 
According to references [10], [21] and [25], an SCRLH resonator has an inherent 
dual-mode property, in which the two resonant frequencies of the SCRLH resonator can 
be evaluated as follows [26]: 
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𝑓1 = (
1
𝐿𝐿×𝐶𝑅
)1/2     (2.4) 
𝑓2 = (1 +
4𝐿𝐿
𝐿𝑅
)1/2/(𝐿𝐿×𝐶𝑅)
1/2   (2.5) 
where LR is the series inductance, CR is the shunt capacitance and LL is the shunt 
inductance. 
The dispersion relation and characteristic impedance of a SCRLH resonator can 
be obtained by using Bloch-Floquet theory as shown below [27]:  
𝛽(𝜔)𝑑 =  cos−1(1 +
𝑍𝑌
2
)     (2.6) 
𝑍𝐵 =  
√(
𝑍𝑌
2
)2+𝑍𝑌
𝑌
      (2.7) 
where β is the propagation constant for Bloch waves, ZB and d are, respectively, the 
characteristic impedance and the length of the unit cell of the SCRLH resonator. The 
series impedance and shunt admittance can be evaluated by [27]:  
𝑍(𝜔) = 𝑗𝜔𝐿𝑅       (2.8) 
𝑌(𝜔) =  
1−𝜔2𝐶𝑅𝐿𝐿
𝑗𝜔𝐿𝐿
      (2.9) 
As a brief summary, this chapter has mainly discussed the basic concepts and 
terminologies used in UWB-BPF analysis and design, which has served as the 
background preparation for successfully building a new ellipse-shaped UWB-BPF with a 
notched band.  
  
 12 
CHAPTER 3 DESIGN OF SCRLH UWB-BPF 
 
In this work, the main objective is to design a highly compact ellipse-shaped 
ultra-wideband bandpass filter (UWB-BPF) by superposing two cross-shaped microstrip 
line segments and a defected ground structure (DGS) onto an ellipse-shaped ring with 
two ground vias. When designing this UWB-BPF, the first step is to design an ellipse-
shaped simplified composite right/left handed (SCRLH) BPF which will be discussed in 
this chapter. The S-parameter characteristics and some potential issues will also be 
included in this chapter. While to accomplish the desired notched band, the second step 
of UWB-BPF design will be integrating two curved open stepped-impedance (SI) stubs 
and DGS to the designed UWB-BPF which will be discussed later in the next chapter.  
 
3.1 Design of SCRLH UWB-BPF 
The SCRLH transmission line structure was firstly studied in [11]. The SCRLH 
resonator is made up of high/low-impedance short-line and grounded stub with metalized 
via hole [10], [27]. In this work, a novel SCRLH UWB-BPF is designed with two 
important parts. As shown below in Figure.3.1, the first part is an ellipse-shaped ring with 
two ground vias centered at the top and bottom sides of the ring. The second part is a pair 
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of cross-shaped microstrip line segments in the middle of the ring in order to reduce the 
return loss in the passband. The dimensions of the structure in Figure 3.1 are summarized 
as follows: L1 = 3.48, L2 = 12.59, L3 = 2.92, L4 = 2.24, W1 = 0.15, W2 = 0.4, W3 = 1.35 all 
in mm. The radiuses of both vias are 0.2mm. The substrate used in the designed SCRLH 
UWB-BPF is FR4 with relative permittivity of 4.4, loss tangent of 0.02 and thickness of 
0.7mm. All the metals used in this design are copper with thickness of 35 µm and 
conductivity of 5.8 × 107 S/m. 
 
 
Figure.3.1 Geometry of the SCRLH UWB-BPF. 
 14 
 
Figure 3.2 Schematic circuit of the SCRLH UWB-BPF. 
Figure.3.1 shows the top view of the proposed SCRLH UWB-BPF and Figure 3.2 
represents its corresponding equivalent schematic circuit. As seen in Figure 3.2, LL 
represents the left-handed shunt inductance measured at two vias, LR1 and C1 stands for 
the right-handed series inductance and shunt capacitance induced by the ellipse-shaped 
ring, and LR2 is inductance determined by the cross-shaped microstrip line segments.  
 
3.2 S-Parameter Analysis and Potential Issues 
Figure 3.3 shows the High Frequency Electromagnetic Field Simulation (HFSS) 
simulated S-parameters of the designed UWB-BPF without the cross-ellipse-shaped DGS 
and the two open SI stubs. 
As shown in Figure 3.3, the 3dB passband ranges from 2.94 GHz to 12.83 GHz, 
which has shown a potential to provide a very broadband characteristic in UWB 
communication. 
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Figure 3.3 Simulated S-parameters of UWB-BPF without cross-ellipse-shaped DGS and 
two open SI stubs. 
However, one of the objective of this research is to reject unwanted interference 
signals from WLAN applications in the frequency neighborhood of 5.8 GHz. The current 
UWB-BPF will not be able to reject WLAN noise as observed in Figure 3.3. Thus, a 
notched band needs to be added to this UWB-BPF configuration to meet the design 
objectives, which will be further developed in the next chapter. 
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CHAPTER 4 DESIGN OF THE UWB-BPF WITH A NOTCHED BAND 
 
In this chapter, a notched band will be added to the UWB-BPF designed in the 
previous chapter in order to reject unwanted WLAN interference signals in the frequency 
range of 5.8 GHz. The proposed notched band is achieved by integrating two open, 
curved stepped-impedance stubs and a cross-ellipse-shaped defected ground structure 
(DGS) to the designed UWB-BPF.  
 
4.1 Integration of Two SI Stubs and a DGS to the Designed UWB-BPF 
A desired notched band has been achieved by connecting two open Stepped-
Impedance (SI) stubs and a cross-ellipse-shaped defected ground structure (DGS) to the 
designed UWB-BPF as shown below in Figure.4.1.  
The finally tuned dimensions of the structure are characterized with L5 = 2.5, L6 = 
3.58, L7 = 0.63, W4 = 0.66, W5 = 0.16, W6 = 1.5, W7 = 3, W8 = 2.4, W9 = 4, Wgap = 0.44 all 
in mm. The substrate and metals used in this design are identical to those mentioned in 
chapter 3. Namely, the substrate used in the designed structure is FR4 with relative 
permittivity of 4.4, loss tangent of 0.02 and thickness of 0.7mm, and all the metals used 
in this design are copper with thickness of 35 µm and conductivity of 5.8 × 107 S/m.
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Figure 4.1 Geometry of the designed UWB-BPF with two open SI stubs and DGS. 
 
The equivalent schematic circuit of the UWB-BPF with two open SI stubs and DGS is 
shown below in Figure 4.2, which can be used to systematically assess the proposed 
enhanced version of the UWB-BPF.   
 
Figure 4.2 Equivalent schematic circuit of the UWB-BPF with two open SI stubs and 
DGS. 
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In Figure 4.2, Z0 represents the characteristic impedances of the matched input 
and output transmission lines, Z1 and Z2 are the characteristic impedances of the two SI 
stubs, ϴ0 is the electrical length of the transmission line with Z0, while ϴ1 and ϴ2 are the 
electrical lengths of the transmission lines with Z1 and Z2. The following expressions 
show the admittances of the two open SI stubs [8]:  
𝑌𝑆𝐼 = 𝑌1 = 𝑌2       (4.1) 
𝑌𝑆𝐼 =
𝑗
𝑍1
(
𝑍1+𝑍2 tan 𝜃1 cot 𝜃2
𝑍2 cot 𝜃2−𝑍1 tan 𝜃1
)     (4.2) 
where Y1 and Y2 represents the total admittance of each SI stub [8].  
 
4.2 S-Parameter Analysis of the UWB-BPF 
Figure 4.3 represents the HFSS simulated S-parameters of the UWB-BPF with the 
DGS and two open SI stubs.  
 
Figure 4.3 Simulated S-parameters of the UWB-BPF with DGS and two open SI stubs. 
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As shown in Figure 4.3, the original passband has been split to two passbands 
ranging from 2.94 through 5.14 GHz and 7.12 through 12.83 GHz, respectively, due to 
adding the proposed notched band. The notched band reaches to about 35 dB maximum 
attenuation with about 2 GHz bandwidth centered at 5.8 GHz frequency, which is 
measured at the return loss of -10dB. The design has successfully met one of the 
objectives, which is to reject the unwanted WLAN interference signals in the frequency 
range of 5.8 GHz. It is found that the return loss in the passband is quite sensitive to the 
variation of W5 [8] and the finalized W5 is set to be 0.16mm. The total dimension is about 
14mm × 6.2mm which is slightly smaller than that presented in [8].  
Group delay is a measure of signal distortion which indicates the actual transit 
time of the signal through the designed UWB-BPF as a function of frequency, which is 
precisely defined as the following [8]:  
𝐺𝑟𝑜𝑢𝑝 𝐷𝑒𝑙𝑎𝑦 =  
−𝑑𝜑
𝑑𝜔
=
−1
360°
∙
𝑑𝜃
𝑑𝑓
    (4.3) 
𝜔 = 2𝜋𝑓       (4.4) 
where dφ and dω are the differential phase and frequency changes.  
Figure 4.4 shows that the predicted group delay is mostly very flat in the range of 
0.1 to 0.3 ns within the passbands, which is highly desirable because the variations in the 
group delay can cause signal distortion. It is found that the group delay peaks in the 
neighborhood of 5.8 GHz within the notched band region, which will not essentially 
affect the output signals. 
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Figure 4.4 Group delay of the designed UWB-BPF. 
Apparently, the designed UWB-BPF will be able to successfully reject undesired 
WLAN interference signals in the 5.8 GHz frequency band while allowing other 
frequencies to pass with minimum loss with a really small group delay.  
As the summary of the chapter, two open SI stubs and a cross-ellipse-shaped DGS 
have been integrated to the UWB-BPF designed in chapter 3 to further improve the 
characteristics of the UWB-BPF and to achieve a highly attenuated notched band in the 
frequency neighborhood of 5.8 GHz. 
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CHAPTER 5 ANALYSIS, MODELING AND VALIDATION OF THE 
UWB-BPF SYSTEM 
 
This chapter will focus on the analysis method for the blocked UWB-BPF system, 
the HFSS modeling of the structure, and the validation of the designed UWB-BPF 
design. In addition, some recently published UWB-BPFs will be used for comparison. 
 
5.1 UWB-BPF System ABCD Matrix 
In order to systematically evaluate the UWB-BPF shown in Figure 4.1, the 
proposed UWB-BPF circuit has been divided into five parts as shown in Figure 5.1: the 
SCRLH UWB-BPF with the DGS (Part 1), two open SI stubs (Part 2 and Part 3), input 
transmission line (Part 4) and output transmission line (Part 5).  
                  
Figure 5.1 Five parts of the designed UWB-BPF 
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Thus, the total ABCD matrix of the designed UWB-BPF system can be 
systematically derived from each part transmission matrix as shown in equation (5.1).  
[
𝐴 𝐵
𝐶 𝐷
] = [
𝐴1 𝐵1
𝐶1 𝐷1
] [
1 0
𝑌1 1
] [
𝐴2 𝐵2
𝐶2 𝐷2
] [
𝐴1 𝐵1
𝐶1 𝐷1
] [
1 0
𝑌2 1
]   (5.1) 
where Y1 and Y2 are evaluated by equations (5.2) and (5.3), namely, equation (4.1) and 
(4.2).  
𝑌𝑆𝐼 = 𝑌1 = 𝑌2         (5.2) 
𝑌𝑆𝐼 =
𝑗
𝑍1
(
𝑍1+𝑍2 tan 𝜃1 cot 𝜃2
𝑍2 cot 𝜃2−𝑍1 tan 𝜃1
)       (5.3) 
A1B1C1D1 stands for the transmission matrix of the input and output lines (Part 4 and Part 
5), A2B2C2D2 represents the transmission matrix of the SCRLH UWB-BPF with the DGS 
structure (Part 1) [8], which can be deduced by the equivalent circuit in Figure 3.2 and 
Figure 5.1.  
The A1B1C1D1 matrix is given as: 
[
𝐴1 𝐵1
𝐶1 𝐷1
] = [
cos 𝜃0 𝑗𝑍0 sin 𝜃0
𝑗/𝑍0 sin 𝜃0 cos 𝜃0
]     (5.4) 
where Z0 represents the characteristic impedances of the matched input and output 
transmission lines, Z1 and Z2 are the characteristic impedances of the two SI stubs, ϴ0 is 
the electrical length of the transmission line with Z0, while ϴ1 and ϴ2 are the electrical 
lengths of the transmission lines with Z1 and Z2. 
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5.2 High Frequency Electromagnetic Field Simulation 
High Frequency Electromagnetic Field Simulation (HFSS) is a software that 
commonly used in the industry for 3D full-wave electromagnetic fields simulation using 
the finite element method [29]. It was originally developed by Prof. Zontal Cendes and 
his students at Carnegie Mellon University in 1989. It has been widely used for various 
analysis and design of electromagnetic applications, such as antennas, passive RF 
components, connectors and PCBs. By using HFSS, engineers and researchers can design 
different applications and study the device characteristics with lower design costs and 
smaller design cycles.  
In this work, HFSS was used to design the entire UWB-BPF structure, including 
the UWB-BPF, SI stubs, and ellipse-shaped cross DGS. Figures 5.2 and 5.3 have shown 
the developed HFSS design for the original UWB-BPF and its improved version with two 
open SI stubs and the DGS ground structure. 
                 
Figure 5.2 HFSS designed UWB-BPF. 
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Figure 5.3 HFSS designed UWB-BPF with two open SI stubs and DGS.  
 
Both the models, as shown in Figures 5.2 and 5.3, have provided a clear view of 
the designed UWB-BPF geometries, which was exceedingly helpful in finding accurate 
simulation results. 
                              
        (a)                     (b)                       (c)                       (d)                      (e) 
Figure 5.4 HFSS current density distribution for the designed UWB-BPF at different 
frequencies, (a) 0.8GHz, (b) 4.1 GHz, (c) 5.8 GHz, (d) 10 GHz, (e) 13.5 GHz. 
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Figure 5.4 shows the simulated current density images distributed on the surface 
of the metal layer for the enhanced UWB-BPF. It is found that at frequencies of 4.1 GHz 
and 10 GHz within the passband, the current mainly distributes on both the ellipse-shaped 
ring and the cross-shaped microstrip line segments from the input port to the output port 
as shown in 5.4 (b) and 5.4 (d). For 0.8 GHz and 13.5 GHz frequency points within the 
lower frequency stopband and higher frequency stopband, however, the currents are not 
able to flow to the output port as demonstrated in 5.4 (a) and 5.4 (e). At frequency of 5.8 
GHz located in the notched band, the current signals are mostly blocked at the open SI 
stub near the input port as shown in 5.4 (c).  
The current density distribution images of the five sample frequencies clearly 
indicate that the designed UWB-BPF successfully rejected the unwanted WLAN 
interference signals in the frequency range of 5.8 GHz while allowing other frequencies 
to pass with minimum loss.  
 
5.3 Validation of UWB-BPF 
Since the fabrication of the designed UWB-BPF has not been included in this 
research, the design approach and accuracy have been validated by using a rectangular-
shaped UWB-BPF as documented in [8]. In [8], a rectangular-shaped UWB-BPF was 
designed by Yang and his group, where the S-parameters are simulated and measured as 
shown below in Figure 5.5. 
 26 
 
Figure 5.5 Simulated and measured S-parameters for a square-shaped UWB-BPF [8]. 
By using the provided geometry dimensions and substrate, a similar simulation 
was done to verify the results and the simulated S-parameters results are achieved in 
Figure 5.6. 
 
Figure 5.6 Simulated S-parameters for design in [8]. 
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It is observed that a fairly consistent result has been achieved by comparing these 
two designs with small shifts at the edges of the two passbands. Namely, in Figure 5.5, 
the two 3dB passbands ranges, respectively, from 3.05 to 5.39 and 6.25 to 10.67 GHz, 
while in this design as shown in Figure 5.6, the two 3dB passbands ranges, respectively, 
from 3.0 to 5.15 and 7.0 to 11.14 GHz. The deference between this work and that 
documented in [8] may be resulted from dimension and material information for Yang’s 
UWB-BPF, which causes some small shifts at the edges of the two passbands. 
 
5.4 Characteristic Comparison to Published Designs 
It has been observed that most published UWB-BPF designs usually require a 
very complicated geometry and large dimensions to achieve satisfied performance in the 
passband and notched band. Apparently, the total dimension of the designed UWB-BPF 
in this work is the smallest in comparison to those recently published ones [3,8,9,10] as 
summarized below in Table 5.1. 
Table 5.1 Comparison with recently published UWB-BPF designs. 
 
 28 
As shown above in Table 5.1, the designed UWB-BPF in this work has the 
smallest structure size in comparison to those sizes in [3], [8], [9] and [10] while keeping 
a decent attenuation with the minimum of -35 dB. 
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CHAPTER 6 CONCLUSION AND FUTURE WORK 
 
6.1 Conclusion 
In this work, an enhanced UWB-BPF with a pair of cross-ellipse-shaped DGS and 
two open SI stubs has been properly designed. The design has achieved a good passband 
with a notched band of 35 dB maximum attenuation in the frequency neighborhood of 
5.80 GHz. Also, it is found that the phase distortion of the designed UWB-BPF is 
negligible since a very flat group delay response is detected within the desired passbands.  
This UWB-BPF has a very competitive overall structure size and provides a great 
S-parameter performance. In practice, the frequency band of the notch filter can be easily 
adjusted by simply changing or tuning L5 and L6 to meet different applications.  
As a conclusion, the designed ellipse-shaped UWB-BPF can be potentially 
applied to UWB systems considering its compact structure size, low-profile geometry, 
and great S-parameter performance. 
 
6.2 Future Work 
 In future work, the proposed UWB-BPF can be certainly further improved and 
enhanced by considering the following research: 
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• Implement different practical PCBs in future UWB-BPF design and enhancement 
with various relative permittivity and thickness values. For example, use a multi-
layer PCB to add flexibility to UWB-BPF design to vary inductance and 
capacitance, to route circuit paths, and to add more vias; 
• Change the frequency location of the notched band by tuning and optimizing the 
UWB-BPF geometry parameters to meet different application requirements. Or 
even add multiple notched bands to the UWB-BPF simultaneously and to reject 
interference signals in different frequencies; 
• Reduce the bandwidth of the notched band to improve the passband width. It can 
be potentially decreased by improving the quality factors of the SCRLH 
resonator. For instance, adding more vias, changing the circuit pattern, or 
adopting different schematic circuit topologies. 
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